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ApiMimtiis and method fiw reading infiMmation fram an infonnatioa carrier 



The present invenlion relates to an f^paratus for reading informalion ftom an 
information carrier having tracks, comprising 

a radiation source for generating a main beam and two satellite beams, 
objective means for directing the main beam to a main track and the two 

satellite beanas to locations adjacent to the main track, 

detection means for converting a reflection of the main beam from the 
infiMmation carrier to a read signal whidi contains information of the main track, and for 
converting reflected satellite beams to satellite signals ccmtaining infinmation of tracks 
at^acent to the main track, 

cross-talk removing means for ou^utting an improved read signal, conxprising 
a first circuit for suppressing cross-talk of the adjacent tracks present in the read signal 
The present invention also relates to a method for reading information fijom an information 
carrier having tracks, comprising the steps of 

generating a main beam and two satellite beams, 

directing the main beam to a main track and the two satellite beams to 

locations adjacent to the main track, 

converting a reflection of the main beam from the information carrier to a read 
signal which contains information of tiie main track, and converting reflected satellite beams 
to satellite signals containing inforniation of tracks adjacent to the main frack, 

ou^nxtting an improved read signal which is derived ftom the read signal by 
siqptMsing cross-talk of the adjacent imdcs present in the read si 

In modem optical disc systems, inter-track spadng is chosen rdativety small 
in Older to allow high storage densities. As a result, the optical spot, fiomed by the main 
beam on the tiack^ has a radius campmble with the track pitch. The data written in the 
neighboring tracks appear in the target track signal in the form of inter-track interference, or 
so called cross-talk. The situation becomes even more severe witii an abberated optical spot, 
e.g. due to radial tilt or defocus. La case of an abberated optical spot tiie optical spot extends 
more onto the neighboring tracks. Also the interference increases when tiie data density is 
pushed even forther in the next-generation storage formats. 
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To tackle the inter-ttack interference problem, cross-talk canceling tedhniques 
are normally employed For 3-spot cross-talk canceling, two architectures have been typically 
chosen. In the first architecture, two satellite spots are placed on the hnmi^^^ sidetracks, 
while in the second architecture the satellite spots are located half w^ between the main 
track and the sidetracks. A filtering and adding method takes place in both architectures 
according to the equation: 

wherein and /" denote FIR filters applied to the two satellite signals, 
respectively, C„ denotes the read signal, C„ the improved read signal, and 5?+ and 

denote the sateUite signals. An LMS algorithm updates the coefficients of the filters, 
which is driven by minimizing a cost function J(ft,f^) : 

Jifkifk) can be defined as the cross-correlation between the improved read 
signal C„ and the two satellite signals: 

JWk\fk) « ^„(//./*-) = ic^str+(ic„s-„f 

where flie cross-correlations have been approximated by then: instant values. 
When the track pitch is decreasing the above described deconelation concept 
feils since the satellite spots read too much main track information and become strongly 
correlated with the read signal, which causes 'leakage" in deconelation. Especially in the 
case of the second architecture where the satelhte spots are placed halfway between flie main 
track and the sidetracks. In this second architecture the spots are located closer to the main 
track and this results in a strong correlation between tiie read signal and the satellite signals. 

It is therefore a first object of the invention to provide an apparatus fisr reading 
information ftom an information carrier which is able to read information even in tiie 
presence of severe cross-talk in the satellite signals. 

It is a second object of the invention to provide a method for reading 
infimnation fi:om an infijrmation carrier which is able to read information even in the 
presence of severe cross-talk in the satellite signals. 

According to the invention the first object is achieved with an apparatus as 
described in the opening paragraph wherein tiie cross-talk removing means further comprise 
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a second dicuit for ou^utting inqiroved satellite signals by suppressing cross-talk of the 
main track present in the satellite signals by minimizmg a correlation between the satellite 
signals and the read signal, the improved satellite signals being subsequently fed to the fest 
circuit which is arranged to siqipress the cross-talk of the read signal by minimizing a 
correlation between the improved read signal and Ihe improved satellite signals. 

So, even if the satellite signals contain severe cross-talk of the main track, still 
the apparatus according to the invention is capable of using the satellite signals to remove 
cross-talk of the sidetracks present in the read signal. The apparatus according to the 
invention first cleans the satellite signals from cross-talk of the main track. The second circuit 
suppresses the cross-talk of the main track present in the satellite signals by minimizing a 
correlation between the satellite signals and the read signal. This can for instance be done by 
an adjustable filter which is adjusted by using a Least Mean Square (LMS) algorithm. The 
IMS algorithm can be driven by ntiinimizing a cost function which is defined by the cross- 
correlation between the improved satellite signals and the read signal. Subsequently, with the 
cleaned or improved satellite signals the cross-talk of the sidetrack present m the read signal 
is removed in a similar manner. For that purpose, the first circuit is arranged to suppress the 
cross-talk in Ihe read signal by minimizing the correlation between the improved read signal 
and the improved satellite signals. This mmimization can also be performed by usmg a LMS 
algorithm which adjusts one or more coefficients of a filter. Again, the LMS algoritibm can be 
driven by minimizing a cost function which is defined by the cross-correlation between tiie 
improved satellite signals and the improved read signal. 

In an embodiment of the invention the satellite beams are directed to a position 
halfway between the main track and the adjacent tracks. This embodiment is advantageous 
wifli regard to the aspect that the satellite spots used for 3-spot push-puU radial tracking can 
be reused The 3-spot push-pull radial trackmg is used in all rewritable optical disc systems. 

In an other embodiment of Ihe invention the satellite beams are directed 
towards the adjacent tracks. This embodinaent is advantageous with regard to the aspect that 
the satellite signals contain less cross-talk of the main tmck in conq>arisc»i to the situation of 
the previous embodiment. 

In a further embodiment the first circuit comprises 

a first variable filter for filtering a first improved satellite signal, flie filter 
having at least one adjustable coefficient^ 

a second variable filter for filtering a second improved satellite signal, the 
filter having at least one adjustable coefficient. 
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a first subtcactor for subtracting the filtered iminoved satellite signals fiom the 
read signal and outputting the improved read signal, 

a first coefficient control device fat minimizing a correlaticm between the first 
inqnoved satellite signal and the in^oved read signal by controlling the adjustable 
coefficient of the first variable filter, 

a second coefficient control device for minimizing a correlation between the 
second iinproved satellite signal and the improved read signal by controlling tiie adjustable 
coefficient of the second variable filter. 

In a fiirther embodiment the second circuit comprises 

a third variable filter for filtering the read signal and ou^utdng a first filtered 
read signal, the filter having at least one adjustable coefficient 

a second subtractor fi>r subtracting the first filtered read signal fiom the first 
satellite signal and ou^ttmg the first inqiroved satellite signal, 

a third coefficient control device fin: minimizing a correlation between the first 
improved satellite signal and Ihe read signal by controlling the a^uslable coefficient of the 
third variable filter, 

a fourth variable filter fijr filtering the read signal and outputting a second 
filtered read signal, the filter having at least one adjustable coefficient 

a thhd subtractor fijr subtracting the second filtered read signal fi-om the 
second satellite signal and outputting the second improved satellite signal, and 

a fourth coefficient control device for minimizing a correlation between the 
second improved satellite signal and the read signal by controlling the adjustable coefficient 
of the fourth variable filter. 

The variable filters can for instance be Finite Intpulse Response (FIR) filters. 
These filters contain tap delaj^ and gain elemrats. FIR filters are well known to the person 
skilled in the art. The gain of one or more gain elements can be adjustable and determine the 
characteristics of flie FIR filter. The at least one adjustable coefficient in case of a FIR filter 
is thus the gain of the one or more gain elements. 

In a furdier embodiment the first coefficient control device is arranged to 
minimize the correlation between flie inqxroved read signal and the first improved satellite 
signals by minimizing the cost fimction: 
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wherein J is the cost function, is the at least one adjustable coefficient of 
the first variable filter, C is the inq?roved read signal, 5 * is the first mxproved satellite 



and wherein the second coefficient control device is arranged to minimize the 
5 correlation between the inqirovediead signal and the second hnpioved satelUte signals by 
minimizing the cost fimction: 

wherem is the at least one adjustable coefficient of the second variable 

filter, and S~ is the second improved satellite signal. 
IQ la a stiU further enOwdhnentflieflihdcoeffident control device is arran^^ 

mhmnize the correlation between the first salelKte signal and Ae read signal by minimizmg 

the cost fimction: 

wherein is the cost function, is the at least one adjustable coefficient of 

15 the fliird variable filter, C is the read signal, is the first improved sateffite signal and the 
fourth coefficient control device is arranged to minimize the correlation between the second 
satellite signal and the read signal by minimizing the cost function: 

wherem is the at least one adjustable coefficient of the fourth variable 

20 filter and S- is flie second hnpioved satellite signal. These cost fimctions have proved to be 
very effective m minimizing the correlation between Ae read signal and the satellite signals. 

In an advantageous embodiment the unproved read signal is fed back to the 
second circuit and the first circuit is arranged to suppress cross-talk of the main track preseiit 
m the satellite signals by mimmizing a correlation between the inq>roved satelHte signals and 

25 the hnproved read signal. The first circuit and the second circuit in this embodhnent work in 
dosed loop. In operation, the feedback loop can be open at the starting-up period until the 
central spot signal gets "cleaned". This embodhnent still can fimction correctly, even m the 
presence for mstance large radial tilt. Because of the feedback loop flie ckcuit tend to 
fimction hi an "iqjward spiral", i.e. the read signal is hnprovedby the unproved satellite 

30 signal, afler which the satelUte signal will get even more mqaoved because of flie improved 
read signal, after which the read signal can be unproved even fiirther, and so on. 
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According to the invention the second object is achieved with a method as 
descnbed in the opening paiagr^h method which further conqwises Ifae step of outputtmg 
improved sateffite signals by siqypressing cross-talk of the main track present in the satelUte 
signals by minimi?iTig a correlation between fhe satellite signals and the read signal, and 
5 wherem the step of ou^utting an improved read signal suppresses cross-talk of the adjacent 
Hacks present in ^ read signal by minimizins a correlation between the improved read 
signal and the in^proved satellite signals. 

Due to employing the decorrelation concept, the invention is not limited to 
traditional Run Length Limited (RLL) based storage systems, and can also be used in Multi 
10 Level storage systems and very-high density regimes of RLL-based storage systems. For the 
same reason the princ^le of the invention works before timing recovery so tiiat the tamp-up 
problem and the need of data-aiding are absent 



These and oflier aspects of flie invention wiU be apparent ftom and elucidated 
further wifli reference to the embodiments described by w^ of example in tiie foDowing 
description and with reference to the accompanying drawing, in which 
Fig. la shows an information canier (top view), 
Fig.lb shows an information canier (cross section), 

Fig.2 shows an ^iparatus for reading information accoiding to the invention, 
Fig.3 shows three spots on adjacent tracks, 

Fig.4 shows a spot on a main track and two spots in between the main track 
and adjacent tracks, 

Fig.5 shows cross-talk removing means according to the invention, and 
25 Fig.6 shows an other embodiment of the invention. 



20 



Figure 1 a shows a disc-shaped information carrier 1 1 having a track 9 and a 
cential hole 10. The track 9, bemg tiie position of tiie series of (to be) recorded marks 
representing information, is arranged in accordance witii a spiral pattern of turns constituting 
substantially parallel tracks on an information layer. The information carrier may be optically 
readable, called an optical disc, for instance a CD-ROM. The infomjation canier can also 
have an information layer of a recordable type. Examples of a recordable disc are tiie CD-R 
and CD-RW, writable versions of DVD, such as DVD+^RW, and Blu-ray Disc. Further details 
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about the DVD disc can be found in reference: ECMA-267: 120 mm DVD- Read-Onfy Disc - 
(1997). The infonnation is represented on the information layer by recording optically 
detectable marks along flie track, e.g. crystalline or amorphous marks in phase change 
material. The Hack 9 on Ihe recordable type of information carrier is indicated by a pre- 
etnbossed track structure provided during manufacture of the blank information carrier. The 
track structure is constituted, for example, by apiegrobve 14 which enables a read^te head 
to follow the track during scanning. The Hack stracture comprises position mformation, e.g. 
addresses, for indication Ae location of units of information, usually called information 
blocks. The position information includes specific synchronizing marks for locating the start 
of such information blocks. The position mformation is encoded in firames of modulated 

wobbles as described below. 

Figure lb shows a part of a crpss-section taken along the line b-b of the 
information carrier 11 of flie recordable type, m which a transparent substrate 15 is provided 
wifli a recordmg layer 16 and aprotective layer 17. The protective layer 17 may comprise a 
further substrate layer, for example as inDVD where the recording layer is at a 0.6 mm 
substrate and a forfher substrate of 0.6 mm is bonded to the back side thereof. The pregroove 
14 may be in^lemented as an indentation or an elevation of the substrate 15 material, or as a 
material property deviating fix)m its surroundings. 

The information carrier 1 1 is intended for carrying information represented by 
modulated signals comprising fiames. AJ&ame is a predefined amount of data preceded by a 
synchronizing signal. Usually such firames also comprise error correction codes, e.g. parity 
words. A number of such fiames constitute an information block, tiie information block 
comprismg further error correction words. The information block is the smallest recordable 
unit ftom v^ch information can be reliably retrieved. An example of such a recording 
system is known fiom flie DVD system, in which tiie fiames carry 172 data words and 10 
parity words, and 208 firames constitute an ECC block. 

The ^aratus for reading mformation as shown in Fig.2 comprises rotating 
means 20 for rotating the mformation carrier 1 1 . The optical picki^ unit 21 conqoises a 
radiation source for generating a main beam 31 and two sateffite beams 30 and 32. The 
optical pickiq) unit 21 finther comprises objective means for dfrecting flie main beam 31 to a 
main track and tiie two satellite beams 1o adjacent tracks. The beams are focused to spots on 
the tracks. The beams are reflected by tiie mformation carrier and the optical pickup unit 21 
comprises detection means for converting tiie reflected main beam to a read signal which 



PHNL031384EPP 

i 

■ 

^ 18.11.2003 
contains infonnation of the main track, aod for converting reflected satellite beams to satelfite 
signals containing information of tracks adjacent to Ifae main track. 

The read signal and satelUte signals are fed to amplifying units 22, 23 and 24. 
The resulting signals are digitized by analog to digital converters (A/D converters) 25, 26 and 
5 27. Subsequently the digitized signals are fed to the cross-talk removing means 28. The cross 
talk removing means remove cross-talk fi»m the read signal by using the satellite signals. 
The improved read signal is flien fed to decoding means 29 which decodes the read signal. 

To tackle the inter-track interference problem, cross-talk canceling techniques 
(XTC) are normally employed For 3-spot XTC, two architectures have been typically 
10 chosen, as shown in Fig.3 and Fig.4. In the first architecture (Fig.3), two satellite spots are 
placed on the immediate sidetracks, while in the second architecture (Fig.4), the satellite 
spots are placed halfway between the central track and each of the sidetracks. 

A filtering and adding method takes place in both architectures, according to: 



15 
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Wherein C„ denotes the read signal, C„ denotes the improved read signal, .y^ 
the first satellite signal, the second satelUte signal, and f* and /" denote FIR filters 
^lied to the satellite spot signals, respectively. An LMS algorithm updated the coefficients 
of the filters, which is driven by minimizing a cost function J(ft»ft) , 



(1) 



^® -^(ft » /* ) can be defined as the cross-correlation between the iiriproved read 

signal C„ and the two satellite signals: 

where the cross-correlations have been qiproximated by their instant values. 
The second architecture is looked at because the satellite spots used for 3-spot 
push-pull radial tracking (which is used in all rewritable optical disc systems) can be reused 
and therefore it is advantageous to use. However, in this case the decorrelation concept of the 
known art fails since flie satellite spots read too much main track information and become 
strongly correlated with the read signal, which causes 'leakage" in decorrelation. Also, with 
decreasing track piteh, in the first architecture satelUte signals become more correlated with 
the read signal. To deal with this problem, the cost fenction JC/T,/*") has been designed 



30 
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differenfly based <m so-caUed jitter value. The jiiter reflects th^ 

sanopling moments ftom the ideal (for flie bit detection) sampling momenls. Two types of 
jitters have been used, the data-to-olock jitter and the data-to-date jitter. Tlie advantage of the 
latter is lhat Uie XTC runs completely in asynchronous domain so that the timing recovery 
benefits ftom it and the ramp-t?) problem is avoided. 

However, the ^plication of jitter-based XTC schemes is limited to the case 
where run-length-limited (RLL) channel coding is employed, le. it is assumed dmt Hxe size of 
the marks written on the disc is an integer multiple of 4e reference unit marie size. This is of 
course not always satisfied, e.g. in the multi-level recording. Additionally, in high density 
RLL-based storage systems, those schemes are not applicable smce the zero-crossing of flie 
signal waveform, tiie basis for the jitter measurement, could have very large phase error due 
to severe ISI, and even disappear when the corresponding frequencies lie beyond the cut-ofiP 
of &e channel. Tlie present hwention is not limited to RLL channel of a traditionally density 
and woiks before timing recovery so that the ramp-up problem and the need of data-aiding 
IS are absent 

The new scheme acconfing to the invention has two stages. In the first stage 
the signals read by flie sateHite spot, ie. the sateUite signals and S" are pre-processed as 
shown in Fig.5. The improved sateUite signals have the form of 

20 where gt and denote FIR filters ^lied to the read signal for two 

decorrelation branches, respectively, and * expresses the convolution. As shown in Fig.5 flie 
third varidjle filter 40 filters the read signal and subsequently tMs fihfiied read a 

subtracted ftom the first satellite signal by the second subtiaclor 42. The fourfli variable 
filter 41 also filters the read signal and subsequently this filtered read signal is subtracted 
25 ftom the second satellite signals by the thhd siibtractor 43. The coeflBcients ailbe variable 
filters are iqwJated by anLMS algorithm, where the costfimction becomes Jigt) andis 

defined as the cioss-conelation between Ae improved sateffite signals and the read signal. 
For the first satellite signal this is performed by the first coefficient control device 44 which 
mimmizes the cost fonction 

30 Jigt)^Jn.(gt)=icj:r 

by updating the coefficients gt of the third variable filter 40. 
For the second satellite signal this is performed by the second coefficient 
control device 45 which minimizes the cost fimcticm 
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by iq»datmg the coefficients g; ofthe fourth variable fflter 41. 

The XTC actually happens m the second stage. The second stage generates an 
hnproved read signal according to 

The coefficients are updated again in the same fimn as (1) except ftat the cost 
&nction Jif^") changes to 

that is the cross-cottelation between the inqaoved read signal and fbe 
D improved satellite signals. 

Optionally a fixed equalizer 53 can be inserted for the read signal. Also 
optionally two channel filters 5 1 and 52 can be implemented for the satellite signal. The two 
channel filters are pre^jalculated based on the prior knowledge of the channel characteristics 
m Older to ease ihe following ad^tion parts in bofli complexity and converging speed. 

In the first stage also a part of the adjacent track signals may be removed 
because the read signal contams some none zero cross-talk of the adjacent tracks. As a 
solution file read signal used in the first stage can be replaced by the read signal after XTC. 
This is schematically shown in Fig.6. In this embodiment, the two stages work sequentially. 
First the satelUte signals are fed to the first stage 60. The first stage 60 inqiroves the satellite 
signals by mmimizing the correlation between the hnproved satellite signals and the 
hnproved read signal C. The second stage 61 ou^uts the hnpioved read signal C by 
mhmnizmg the correlation between the hnproved satelUte signals and the miproved read 
signal The miproved read signal C is fed back to the first stage 60. At start-up the feedback 
loop may be open until the read signal is maproved. This embodhnent may still work m the 
presence of fiir instance large radial tilt. 
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CLAIMS: 



1 . An aiyparatus for leading infotmation firom an infonnation canier (1 1) having 
tracks (9), comprising 

a radiation soiuce for g^erating a noain beam (31) and two satellite beams 

(30,32), 

5 objective means for directing the main beam (31) to a main track and the two 

satellite beams (30,32) to locations adjacent to the main track, 

detection means for converting a reflection of the main beam (31) from the 
infomiation carrier (1 1) to a read signal (C) which contains information of the main track, 
and for converting reflected satellite beams to satellite signals (S^,SO containing infomiation 
10 of tracks adjacent to the main track, 

cross-talk removing means (28) for oulputting an improved read signal ( C ), 
comprising a first circuit for si^pressing cross-talk of the adjacent tracks present in the r^ 
signal (C), 

characterized in that the cross-talk removing means (28) forther comprise a 
1 5 second circuit for outputting improved satellite signals iS^,S~)hy suppressing cross-talk of 
the main track present in the satellite signals (S%SO by minimizing a correlation between the 
satellite signals (S^SO and the read signal (C), the improved satellite signals (S^,S') being 
subsequently fed to the first circuit which is arranged to suppress the cross-talk of the read 
signal (C) by tnitiimiiring a correlation between the inoproved read signal ( C ) and the 
20 iinproved satellite signals (S^*,iS~). 

2. An apparatus as claimed in claim 1, wherein the satellite beams (30,32) are 
directed to a position halfway between the main track and the adjacent tracks. 

25 3- An apparatus as claimed in claim 1, wherein the satellite beams (30,32) are 

directed towards the adjacent tracks. 

4. An apparatus as claimed in one of the previous claims, wherein the first circuit 

comprises 
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a first variable filter (46) for filtering a first improved satellite signal {S'^ ), the 
filter having at least one adjustable coefficient, 

a second variable filter (47) for filtering a second ixnproved satellite signal 
(5"), the filter having at least one adjustable coefficient^ 
S a first subtractor (50) for subtracting the ffitered improved satellite signals 

(S'^yS') from the read signal (C) and outputting the improved read signal ( C ), 

a first coefficient control device (48) for minimizing a correlation between the 

first improved satellite signal ( 5 *** ) and the improved read signal ( C ) by controlling the 
adjustable coefficient of the first variable fflter (46), 
10 a second coefficient control device (49) for minimizing a correlation between 

the second improved satellite signal ( »S ~ ) and the improved read signal ( C ) by controlling 
the adjustable coefficient of the second variable filter (47). 

S. An q)paratus as claimed in one of the previous claims, wherein the second 

1 S circuit coniprises 

a third variable ffiter (40) for filtering the read signal (C) and outputting a first 

filtered read signal, the filter having at least one adjustable coefficient, 

a second subtractor (42) for subtracting the first filtered read signal from the first satellite 

signal (S"^ and outputting the first improved satellite signal (S^ ), 
20 a third coefficient control device (44) for minimizing a correlation between the 

first improved satellite signal (S^) and the read signal (C) by controlling the adjustable 
coefficient of the third variable filter (40), 

a fourth variable ffiter (41) for ffitering the read signal (C) and ou^utting a 
second ffitered read signal, the ffiter having at least one adjustable coefficient, 
25 a third subtractor (43) fr>r subtracting the second ffitered read signal fix>m the 

second satellite signal and outputting the second improved satellite signal (S" ), and 

a fourth coefficimt control device (45) for minimizing a correlation between 
the second improved satellite signal ( 5 " ) and the read signal by controlling the adjustable 
coefficient of the fourth variable fflter (41). 

30 
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6. Ab apparatus as claimed in claim 4, wherein the first coefBcient control device 

(48) is arranged to minimize the correlation between Ifae ixnproved read signal (C) and the 
first improved satellite signal {S^)hy minimizing the cost function: 

5 wherein J is the cost function, fj^ is Ihe at least one adjustable coefficient of 

tibie first variable filter (46), C is the improved read signal, 5^ is the first iooproved satellite 
signal 

and wherein the second coefficient control device is arranged to minimize the 
correlation between tihie inqiroved read signal ( C) and the second in^roved satellite signal 
10 iS~)hy minimizing flie cost function: 

wh^ein fj^ is the at least one adjustable coefficient of the second variable 
filter, and S~ is the second improved satellite signal. 

15 7. An apparatus as claimed in claim 5, wherein the tfadrd coefficient control 

device (44) is arranged to minimize the correlation between the first satellite signal (S^ and 
the read signal (C) by minimizing the cost fimction: 

wherein Jg is the cost function, is I3ie at least one ai^ustable coefficient of 

20 the third variable filter (40), C is the read signal, is the first improved satellite signal 

and wherein the fourth coefficient control device (45) is arranged to minimize the correlation 
between the second satellite signal (S") and the read signal by minimizing the cost function: 

wherein is the at least one adjustable coefficient of the fourth variable 
25 filter (41) and is the second improved satellite signal. 

8. An apparatus as claimed in claim 1, wherein the iniproved read signal ( C) is 

fed back to the second circuit and wherein the first circuit is arranged to suppress cross-talk 
of the main track present in the satellite signals (S^S^ by minimizing a correlation between 
30 the improved satellite signals (S^^S") and the improved read signal ( C ). 
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9. A mefhod for reading information £rom an information carrier (1 1) having 
tracks (9), comprising the steps of 

generating a noiain beam (31) and two satellite beams (30,32), 
5 directing the main beam (30) to a main track and the two satellite beams 

(30,32) to locations adjacent to the main track, 

converting a reflection of the main beam (3 1) from the information carrier (1 1) 
to a read signal (C) which contains information of the main track, and converting reflected 
satellite beams to satellite signals (S^S") containing information of tracks adjacent to the 
10 main track, 

ou^utting an improved read signal ( C ) which is derived from the read signal 
(C) by siqypressing cross-talk of the adjacent tracks present in the read signal (C), 

characterized in that the method further conqMcises the step of outputting 
improved satellite signals ( S , 5 " ) by siqspressing cross-talk of the main track present in the 
IS satellite signals (8^,8*) by mininiizing a correlaticm between tiie satellite signals (S^S^ and 
the read signal (C), and wherein the step of outputting an improved read signal ( C ) 
suppresses cross-talk of the adjacent tracks present in the read signal (C) by minimizing a 
correlation between the itnproved read signal ( C ) and the improved satellite signals 

20 

10. Method as claimed in claim 9, wherein the satellite beams (30,32) are directed 
to a position halfway between the main track and the adjacent tracks. 

1 1 . Method as claimed in claim 9, wherein the satellite beams (30,32) are directed 
25 towards the adjacent tracks. 

12. Method as claimed in one of the claims 9 to 1 1, wherein the step of outputtmg 
an improved read signal ( C) comprises the substeps of 

a) filtering a first in^roved satellite signal (S^) with a first variable filter (46) 
30 having at least one adjustable coefBcient, 

b) filtering a second improved satellite signal {S") with a second variable 
filter (47) having at least one adjustable coefficient, 
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c) outputting Hie in^roved read signal (C) by subtracting the filtered 
improved satellite signals fix>m the read signal (C), 

d) minimizing a correlation between the first improved satellite signal iS^) 
and Ihe improved read signal ( C) by controlling the adjustable coefficient of the first 

5 variable filter (46), 

e) minimizmg a correlation between the second improved satellite signal ( jS ~ ) 
and the improved read signal ( C ) by controlling the adjustable coefficient of the second 
variable filter (47), 

f) oittputting a first filtered read signal by filtering the read signal (C) wilh a 
1 0 third variable filter (40) having at least one variable coefficient, 

g) oulputtmg the first iiiq[m>ved satellite signal (iS ) by subtracting the first 
filtered read signal from the first satellite signal (S*^, 

h) Tmnimiying a correlation between the first improved satellite signal (5 ) 
and the read signal by controlling the adjustable coefficient of Ihe third variable filter (40), 

IS i) outputting a second filtered read signal by ffitering the read signal (C) ^th a 

fourth variable filter (41) having at least one variable coefficient, 

j) outputting the second improved satellite signal ( iS " ) by subtracting the 
second filtered read signal fix>m the second satellite signal (SO, and 

k) minimizing a correlation between the second improved satellite signal iS~) 
20 and the read signal (C) by controlling the adjustable coefficient of the fourth variable filter 
(41). 

13. A method as claimed in claim 11 or 12, wherein siibstep d minimizes the 

correlation by minimizing the cost function: 

25 JC/;^) = (CS^)' 

wherein J is the cost function, is the at least one adjustable coefficient of 

the first variable filter (46), C is the improved read signal, S'^ is the first in^oved satellite 
signal 

and wherein substep e minimizes the correlation by minimizing the cost 

30 function: 



PHNL031384EPP 

> 

16 18.11.2003 
wherein is the at least one adjustable coefficient of the second variable 

filter (47X 

and S~ is the second improved satellite signal. 

5 14. A method as claimed in claim 11, 12 or 13, wherein the substephmiiiimizes 

the correlation by minimizing the cost function: 

wherein is the at least one adjustable coefficient of the third variable fiUter 

(40), and iS ^ is the first improved satellite signal, and wherein substep k minimizes the 
10 correlation by minimizing the cost fimction: 

wherein is the at least one adjustable coefficient of the fourth variable 
filter (41), and is the second in:q)roved satellite signal. 

15 IS. Method as claimed in claim 9, wherein the step of outputting the 1x19 

satellite signals (S^^S") improves the satellite signals (S^S") by suppressing cross-talk of 
the main track present in the satellite signals (S^SO by miimnizing a correlation between the 
improved satellite signals iS^,S'^) and the improved read signal ( C ). 
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In modem optical disc systems, inter-track spacing is chosen relatively small 
in order to allow high storage densities. As a result, the optical spot has a radius comparable 
with Ihe track pitch, and the data written on neighboring tracks ^ear in the target track 
signal in the form of inter-track interference (cross-talk)- To tackle the cross-talk problem, 
5 cross-talk canceling schemes are normally enq)loyed. These schemes use three spots, one 
spot on the main track and two satellite spots on adjacent tracks. The read signal (C) is 
improved by minimizing the cross-talk between the satellite signals (S^S*) and the read 
signal (C). 

However, due to the decreasing inter-track spacing, the decorrelation concept 
10 fails since the satellite spots read too much central track information and become strongly 
correlated with the read signal (C), which causes "leakage" in the decorrelation. 

The present invention solves this problem with an additional circuit for 
outputting iinproved satellite signals iS* , S" ) which circuit suppresses cross-talk of the main 
track present in the satellite signals (S'*',S') by minimizing a correlation between the satellite 
1 5 signals (S^S") and the read signal (C), the unproved satellite signals iS^,S') bemg 

subsequently fed to the first circuit which is arranged to suppress the cross-talk of the read 
signal (C) by minimizing a correlation between the in^MTOved read signal ( C ) and the 
improved satellite signals (^S*jS~). 

20 Fig. 5 



<. 



17 



18.11.2003 



PHNLJ031384 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
0 FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

1^ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



